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OBJECTIVES: to evaluate the structural and functional heart abnormalities in women with mitral regurgitation
during pregnancy.
INTRODUCTION: Women with mitral regurgitation progress well during pregnancy. However, the effects on the
heart of the association between pregnancy and mitral regurgitation are not well established.
METHODS: This is a case–control, longitudinal prospective study. Echocardiograms were performed in 18 women
with mitral regurgitation at the 12th and 36th week of pregnancy and on the 45th day of the puerperium. Twelve
age-matched healthy and pregnant women were included as controls and underwent the same evaluation as the
study group.
RESULTS: Compared with controls, women with mitral regurgitation presented increased left cardiac chambers in all
evaluations. Increasing left atrium during pregnancy occurred only in the mitral regurgitation group. At the end of
the puerperium, women with mitral regurgitation showed persistent enlargement of the left atrium compared with
the beginning of pregnancy (5.0¡ 1.1 cm vs 4.6¡ 0.9 cm; p,0.05). Reduced left ventricular relative wall thickness
(0.13¡ 0.02 vs 0.16¡ 0.02; p,0.05) and an increased peak of afterload (278¡ 55 g/cm2 vs 207¡ 28 g/cm2; p,0.05)
was still observed on the 45th day after delivery in the mitral regurgitation group compared with controls.
CONCLUSIONS: Pregnancy causes unfavorable structural alterations in women with mitral regurgitation that are
associated with an aggravation of the hemodynamic overload.
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INTRODUCTION
It is well known that the maternal cardiovascular system
undergoes significant circulatory changes, including increa-
ses in cardiac output (CO) and blood volume and reduc-
tions in systemic vascular resistance and arterial pressure.1,2
Although these physiological adaptations are well tolerated
by healthy woman, they might result in heart failure and
even death in those with heart disease.3
Maternal heart disease occurs in approximately 0.5–4% of
all pregnancies and it is the most important indirect cause of
maternal mortality. The prevalence of cardiac disease
depends on the studied population. In developing coun-
tries, the most common cardiac disease is rheumatic heart
disease, mainly mitral stenosis and/or regurgitation.4
Little information is available about cardiac alterations
and the association between pregnancy and mitral regur-
gitation (MR), which probably results from the concept that
MR is usually well tolerated during pregnancy because of
the physiological decrease in systemic vascular resistance
and afterload.3
Chronic MR causes volume overload that can lead to
eccentric hypertrophy. Most patients with MR remain
asymptomatic for many years until decompensated hyper-
trophy occurs, leading to cardiac dysfunction and overt
heart failure. In contrast, pregnancy-induced hypertro-
phy is known to be physiological, being reversible after
pregnancy without harmful effects on cardiac function.
Therefore, it is possible to hypothesize that women
with MR present unfavorable structural and functional
cardiac adaptation during pregnancy and the puerperal
period.
The aim of this study was to evaluate the structural and
functional heart abnormalities in women with MR during
pregnancy and early puerperium.
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MATERIAL AND METHODS
Patient selection
This is a case–control, prospective, longitudinal study
performed in a university general hospital. The study
protocol was approved by the Institutional Review Board
of the School of Medicine of Botucatu – UNESP – Brazil and
all participants gave informed consent.
Eighteen consecutive women with singleton pregnancy and
isolated MR or with MR as the predominant lesion were
included in the study. An assessment of functional class was
made according to the criteria of the New York Heart
Association (NYHA) at the time of examination. Women with
moderate or severe mitral stenosis, atrial fibrillation or any
other cardiovascular disease, or pregnancy-induced hyperten-
sion were excluded. All the results were compared with the
control group of 12 healthy women. All participants received
routine prenatal care and were followed at the antenatal and
cardiologic clinics in the university teaching hospital.
Study protocol
Echocardiographic studies were performed in both
groups at the 12th (T1) and 36th (T2) weeks of pregnancy
and on the 45th day post partum (T3).
Height and weight were recorded before each echocar-
diogram. The clinical and echocardiographic examinations
were performed by the same cardiologist. All measurements
were obtained with the subjects in the left lateral recumbent
position and allowed to rest for about 15 min. All studies
were performed with a Hewllet Packard Sonos 2000 System,
with a multifrequency phased-array transducer (2.5–
3.5 MHz). All variables were the average of 3–5 consecutive
measurements.
Blood pressure was measured from the brachial left artery
with a manual cuff and with the subject in the left lateral
decubitus position. Systolic blood pressure (SBP) was taken
at the first Korotkoff sound and diastolic blood pressure
(DBP) was taken at the fourth Korotkoff sound. Mean
arterial pressure (MAP) was calculated from the equation
MAP (mmHg) = SBP + 2DBP/3.
Stroke volume (SV) was the product of the cross-sectional
area of the left ventricle (LV) outflow tract and the velocity
time integral of the pulsed Doppler subaortic waveform
measured in the five-chamber view. Cardiac output (CO)
was calculated as the product of SV and heart rate (HR).
Ejection time was obtained from the aortic-pulsed Doppler
waveform, the sample volume being placed a few milli-
meters below the valve.
Left ventricular and atrial dimensions were calculated
according to the recommendations of the American Society
of Echocardiography5 from the parasternal long-axis view.
The following indexes were calculated: 1) Ejection fraction
(EF) = [(LVDD3 2 LVSD3) / LVDD3]; 2) Fractional shor-
tening (FS) = (LVDD 2 LVSD) / LVDD 6 100; 3) Relative
wall thickness (RWT) = [(SWT + PWT) / 2] / LVDD, where
SWT is septal wall thickness, PWT is posterior wall
thickness, LVDD is left ventricular diastolic diameter and
LVSD is left ventricular systolic diameter.
Left ventricular mass (LVM) was calculated using the M-
mode measurements by the formula of Devereux and
Reichek6: LVM = {[(SWT + PWT + LVDD)3 – LVDD3] 6
1.04} – 13.6.
Total peripheral resistance (TPR) and peak systolic stress
(PSS) were calculated from the formulas: TPR (dyn/s/cm5)
= MAP6 80/CO; PSS (g/cm2) = {[( SBP6LVDD)/4DWT
(1 + DWT/LVDD)]} 6 1.36. Where DWT is mean dystolic
wall thickness.
Statistical analyses
Data are presented as means and standard deviations.
The results were statistically analyzed according to a split-
plot design over time by considering the collection moments
as plots and the groups as subplots. Multiple comparisons
were performed using a test analogous to the Tukey test
using the PDIFF option of SAS PROC GLM, version 9.1. For
all tests, a p value of ,0.05 was considered statistically
significant.
Using the mean of the left atrium diameter in the first and
third trimester of normal pregnancies obtained from a
previous study,2 it was calculated that 11 subjects would be
necessary, with a 5% level of significance (p = 0.05) and
power of 80% (b = 0.20).
RESULTS
At the time of the study 1 patient presented as NYHA
class III, 6 were class II and the remaining patients were
NYHA class I. The predominant etiology of mitral insuffi-
ciency was rheumatic fever; only 2 patients had congenital
disease.
The clinical characteristics of the study groups are shown
in Table 1. There were no statistically significant differences
between the groups.
Table 2 and Figure 1 show the LV geometry data in the
groups. The left atrium diameter (LAD), LVDD and LV
mass were higher in the MR group in all evaluations.
Pregnancy caused additional increases in the left atrium
diameter only in the MR group. An increase in the relative
wall thickness occurred in both groups during pregnancy.
However, compared with controls, the MR group presented
a decreased relative wall thickness during the puerperium,
suggesting ventricular dilation (Figure 1).
Table 3 and Figure 2 show systemic hemodynamics in the
groups. There were no changes in the heart rate (HR), MAP
and total peripheral resistance (TPR) in the MR group
during pregnancy. During the puerperium, HR decreased,
and TPR and MAP increased. PSS was increased in the MR
group at the end of pregnancy and puerperium.
Table 4 shows systolic function data. There was no
difference between the groups where ventricular function
was concerned.
DISCUSSION
The results of this study have demonstrated that
pregnancy represents an additional overload to the heart
of women with MR, worsening cardiac remodeling.
Table 1 - Clinical characteristics.
Characteristics
Mitral regurgitation
(n= 18)
Control
(n = 12) p-value
Maternal age (years) 24.1 ¡ 7.4 24.6 ¡ 4.9 ns
Weight (kg) 62.2 ¡ 15.2 59.1 ¡ 7.9 ns
Height (cm) 161 ¡ 0.06 157 ¡ 0.05 ns
Data are presented at the means¡ SD; n = number of women; ns = not
significant.
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Various studies evaluated the LV response to a volume
overload in normal pregnancies;7,8 however, no studies
were found comparing healthy and MR women.
From the beginning of pregnancy, the heart size was
increased in the MR group compared with control group,
suggesting significant heart disease at that time. None of
patients presented with previous history of overt heart
failure, indicating AHA/ACC stage B,9 although 2 patients
presented criteria for diagnosis of decompensate heart
failure at the time of inclusion in the study. During the
Figure 1 - Relative wall thickness obtained by echocardiograms during the protocol study.
Table 3 - Systemic hemodynamics
Mitral regurgitation Control
T1 T2 T3 T1 T2 T3
HR (beats/min) 79 ¡ 13 84 ¡ 13 71 ¡ 19{ 75 ¡ 10 83 ¡ 15 76 ¡ 12
MAP (mmHg) 79 ¡ 8 84 ¡ 12 89 ¡ 7{ 80 ¡ 7 83 ¡ 8 86 ¡ 8
TPR (dynes/s/cm–5) 1558 ¡ 741 1403 ¡ 481 1946 ¡ 796{ 1433 ¡ 383 1258 ¡ 322 1802 ¡ 512
Data are presented at the means ¡ SD. HR = heart rate; MAP = mean arterial pressure; TPR = total peripheral resistance. {p,0.05 compared with
previous examination (ANOVA for repeated measurements); {p,0.05 compared with first trimester (ANOVA for repeated measurements).
Figure 2 - Peak of systolic stress obtained by echocardiograms and arterial blood pressure during the protocol study.
Table 2 - Left ventricular geometry.
Mitral regurgitation Control
T1 T2 T3 T1 T2 T3
LAD (cm) 4.6 ¡ 0.9* 5.1 ¡ 1.0*,{ 5.0 ¡ 1.1* 3.2 ¡ 0.4 3.5 ¡ 0.3 3.1 ¡ 0.4
LVDD (cm) 5.8 ¡ 0.6* 6.0 ¡ 0.6* 6.1¡ 0.6* 4.7 ¡ 0.3 4.7 ¡ 0.3 4.7 ¡ 0.4
PWT (cm) 0.76 ¡ 0.12 0.84 ¡ 0.10{ 0.81 ¡ 0.10 0.69 ¡ 0.09 0.81 ¡ 0.07{ 0.75 ¡ 0.08
LVM (g) 201 ¡ 68* 232 ¡ 77* 234 ¡ 66* 115 ¡ 30 145 ¡ 25 137 ¡ 26
Data are presented at the means¡ SD. LAD = left atrial diameter; LVDD = left ventricular diastolic diameter; PWT = posterior wall thickness; LVM = left
ventricular mass. *p,0.05 between mitral regurgitation and control (Student’s t-test); {p,0.05 compared with previous examination (ANOVA for
repeated measurements); {p,0.05 compared with first trimester (ANOVA for repeated measurements).
CLINICS 2011;66(1):47-50 Overload on pregnancy in women with mitral regurgitation
Borges VTM et al.
49
follow up protocol 6 patients presented with decompen-
sated cardiac history of overt heart failure indicating AHA/
ACC stage B.9
Physiologically, the LAD gradually increases during
pregnancy, returning to normal in the puerperium.7,8 In
the present study, the LAD was increased in the MR group,
regardless of the time of evaluation. In addition, these
patients presented with an additional enlargement that was
irreversible during the study period. This is an important
finding since the size of the left atrium is related to the
severity of valve damage. As this chamber increases, the
risk of atrial fibrillation also increases, worsening the
prognosis of these patients.10
The absence of additional enlargement in the LV chamber
in both groups was an interesting finding. Considering that
both pregnancy and MR are conditions of volume overload,
an increase in ventricular size would be expected. In
accordance with other authors,7,11 no significant changes
were observed in the diastolic dimensions of the left
ventricle in healthy pregnant women. Robson et al12 only
observed enlargement of the left ventricle in pregnancy
when comparisons were made with pre-pregnancy values.
Therefore, it is reasonable to assume that MR women
presented a physiological response to pregnancy as far as
the LV chamber is concerned, although they presented
increased LV size and mass during the study protocol
period.
The most remarkable finding in the present study was the
demonstration that at the puerperium, MR women showed
a reduction in the relative thickness of the ventricular wall
compared with controls, suggesting a persistent chamber
dilation.
In chronic volume overload, cardiac dilation is associated
with a worse prognosis, with a higher risk of overt cardiac
failure. This is an important finding and might explain the
increased afterload demonstrated in the MR group com-
pared with the control group in the puerperium, resembling
decompensated hypertrophy.
It was concluded that pregnancy causes unfavorable
structural alterations in women with MR that are associated
with an aggravation of the hemodynamic overload. The
impact of such alterations in late clinical outcomes must be
further evaluated in future studies.
Study limitations. Pre-pregnancy assessment of the left
chamber was not possible because patients were already
pregnant when included in the study. However, the control
group allowed comparisons between healthy and heart
disease.
Echocardiography evaluation did not include current
indexes, such as left atrial volume or Simpson’s biplane,
which are more accurate for detection of cardiac changes.
However, we were able to show remarkable differences
between the groups, indicating a need for more studies
focusing on this issue.
ACKNOWLEDGEMENTS
This study was supported by Fundac¸a˜o de Amparo a` Pesquisa do Estado
de Sa˜o Paulo (FAPESP) and Conselho Nacional de Desenvolvimento
Cientı´fico e Tecnolo´gico (CNPQ).
REFERENCES
1. Cunningham FG, Gant NF, Leveno KJ, Gilstrap LC, Hauth JC, Wenstrom
KD. Maternal adaptations to pregnancy. In: Seils A, Noujaim SR, Davis
K, editors. Williams Obstetrics. 21 ed. New York: McGraw-Hill; 2001. pp.
167–200.
2. Borges VTM. Estudo longitudinal das alterac¸o˜es hemodinaˆmicas e
estruturais cardı´acas em gestantes sem patologia. Botucatu:
Universidade Estadual Paulista (UNESP); 1997.
3. Siu SC, Sermer M, Colman JM, Alvarez AN, Mercier LA, Morton BC,
et al. Prospective multicenter study of pregnancy outcomes in women
with heart disease. Circulation 2001;104:515–21, doi: 10.1161/hc3001.
093437.
4. Avila WS, Rossi EG, Ramires JA, Grinberg M, Bortolotto MR, Zugaib M,
et al. Pregnancy in patients with heart disease: experience with 1,000
cases. Clin Cardiol 2003;26:135–42, doi: 10.1002/clc.4960260308.
5. Henry WL, DeMaria A, Gramiak R, King DL, Kisslo JA, Popp RL, et al.
Report of the American Society of Echocardiography Committee on
Nomenclature and Standards in Two-dimensional Echocardiography.
Circulation. 1980;62:212–7.
6. Devereux RB, Reichek N. Echocardiographic determination of left
ventricular mass in man. Anatomic validation of the method.
Circulation. 1977;55:613–8.
7. Mone SM, Sanders SP, Colan SD. Control mechanisms for physiological
hypertrophy of pregnancy. Circulation 1996;94:667–72
8. Gilson GJ, Samaan S, Crawford MH, Qualls CR, Curet LB. Changes in
hemodynamics, ventricular remodeling, and ventricular contractility
during normal pregnancy: A longitudinal study. Obstet. Gynecol.
1997;89:957–62, doi: 10.1016/S0029-7844(97)85765-1.
9. Bocchi EA, Vilas-Boas F, Perrone S, Caaman˜o AG, Clausell N, Moreira M
da C, et al. I Latin American guidelines for the assessment and
management of decompensated heart failure. Arq. Bras. Cardiol.
2005;85 Suppl 3:49–94; 1–48.
10. Clapp JF, Capeless E. Cardiovascular function before, during, and after
the first and subsequent pregnancies. Am. J. Cardiol. 1997;80:1469–73,
doi: 10.1016/S0002-9149(97)00738-8.
11. Mesa A, Jessurun C, Hernandez A, Adam K, Brown D, Vaughn WK, et al.
Left ventricular diastolic function in normal human pregnancy.
Circulation. 1999;99:511–7.
12. Robson SC, Hunter S, Boys RJ, Dunlop W. Serial study of factors
influencing changes in cardiac output during human pregnancy.
Am J Physiol. 1989;256:H1060–5.
Table 4 - Systolic function.
Mitral regurgitation Control
T1 T2 T3 T1 T2 T3
EF 0.74 ¡ 0.04 0.73 ¡ 0.05 0.74 ¡ 0.04 0.76 ¡ 0.05 0.75 ¡ 0.05 0.75 ¡ 0.05
FS(%) 36.1 ¡ 2.9 35.9 ¡ 4.6 36.4 ¡ 3.5 36.6 ¡ 4.6 36.6 ¡ 4.2 36.0 ¡ 4.5
SV (ml) 60.0 ¡ 19.5 65.1 ¡ 21.5 64.5 ¡ 22.6 62.4 ¡ 12.1 69.9 ¡ 12.3 56.1 ¡ 12.5
CO (l/min) 4.7 ¡ 1.6 5.4 ¡ 1.6 4.3 ¡ 1.5{ 4.6 ¡ 0.9 5.6 ¡ 0.8 4.2 ¡ 0.7{
Data are presented at the means¡ SD. EF = ejection fraction; FS = fractional shortening; SV = stroke volume; CO = cardiac output. {p,0.05 compared
with previous examination (ANOVA for repeated measurements).
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